Piezoelectric materials show high electromechanical coupling, which means that they can generate large strains if an electric field is applied to them, and can transform external mechanical stimuli into electric charge or voltage 1 . They are widely used in electronic applications, including sensors, small motors and actuators -devices that convert electrical energy into movement. In addition, their high energy efficiency and ease of miniaturization are driving the development of new technologies, such as energy harvesters for the growing network of Internet-connected devices known as the Internet of Things, actuators for touch screens and microrobots. On page 350, Qiu et al. 2 report the preparation of high-performance piezoelectrics that have the long-desired property of near-perfect transparency to light. This breakthrough could lead to devices that combine excellent piezo electricity with tunable optical properties.
Most high-performance piezoelectrics are ferroelectrics -materials that have a spontaneous electric polarization that can be reversed by the application of an external electric field. At the atomic level, ferro electrics have a local polarization that is caused by the displacements of certain ions from their symmetric positions. Regions that have a uniform direction of polarization are referred to as ferroelectric domains and are separated by boundaries called domain walls. The material's crystal structure determines the possible directions of polarization and, in turn, the types of domain wall. For example, a rhombohedral crystal structure enables 8 possible domain variants and 71°, 109° and 180° domain walls (where the angle refers to the difference in polarization direction between the domains separated by the wall).
For these ferroelectrics to be used as piezoelectrics, they must first undergo a process known as poling, in which an external electric field is applied to the material to reorient un favourably oriented domains and induce macroscopic polarization. Poled ferroelectrics show a large electromechanical response to an external electric field or to mechanical force, and this response is typically characterized by a quantity dubbed the piezoelectric co efficient. The magnitude of this coefficient depends to a large extent on the domain configuration; the other major contribution comes from the crystal lattice. Some of the largest coefficients known today were reported 3, 4 for ferroelectric crystals based on lead magnesium niobate-lead titanate (PMN-PT). These crystals have piezoelectric coefficients above 1,500 picocoulombs per newton (pC N -1 ), which is about ten times higher than those of most other ferroelectrics.
The poling process is conventionally carried out using direct-current (d.c.) electric fields. In rhombohedral PMN-PT crystals that are [001] oriented (a particular crystallographic orientation), d.c. poling results in the removal of 180° domain walls and the formation of a laminar (layered) domain structure consisting of 71° and 109° walls ( Fig. 1a ). When light propagates through such a structure, the difference between the refractive indices at each side of an encountered 71° wall induces scattering, resulting in the poled crystal having an overall opaque appearance. The 109° walls in this configuration, however, do not give rise to scattering. Qiu and colleagues exploited this difference in light scattering between 71° and 109° domain walls. The authors simulated the evolution of domains in [001]-oriented rhombohedral PMN-PT crystals that were subjected to either d.c. or alternating-current (a.c.) electric fields. These simulations showed that the application of an a.c. poling field (a method reported only in the past few years 5, 6 ), instead of a d.c. one, greatly reduces the number of 71° domain walls ( 
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It has been difficult to make transparent materials that have extremely high piezoelectricity -a useful property related to the coupling of electric fields and mechanical strain. This hurdle has now been overcome. See p.350
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• Fast decisions and easy submission • Rigorous and balanced peer review • High Nature Research editorial standards • Global visibility, fully open access nature.com/commsbio @CommsBio grown by a modified version of a widely used approach called the Bridgman method. They studied the domain structure of the crystals using three techniques (high-resolution X-ray diffraction, polarized-light microscopy and birefringence imaging spectroscopy), and confirmed the removal of 71° domain walls throughout the a.c.-poled samples. These samples exhibited near-perfect light transmittance, large birefringence (an effect in which a material's refractive indices are different along different axes) and ultrahigh piezoelectric coefficients, exceeding 2,100 pC N -1 . For comparison, ferro electrics that have a similar level of transparency to these crystals, such as lithium niobate or polyvinylidine fluoride, typically have piezo electric coefficients 1 of less than 40 pC N -1 . The report by Qiu et al. adds the optical component to high-performance piezoelectric crystals and therefore opens the door to the design of electro-optical-mechanical devices. Transparent actuators or motors could be used for touch screens in consumer electronics or for the development of invisible microrobots. Moreover, the crystals' high electro mechanical performance and transparency could be harnessed in an imaging technology known as photoacoustic imaging or in piezoelectric light guides.
Although the authors demonstrated the applicability of their approach to several PMN-based crystals, it remains to be seen whether similar principles can be applied to other ferro electric systems. Of particular interest are systems that remain polarized at high temperatures (above 100-150 °C), unlike PMN-based materials. Nevertheless, Qiu and colleagues' discovery has arrived just in time to meet the growing demand for multitasking smart materials and hybrid devices.
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